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Using the new limit on the neutrino anomalous magnetic moment recently obtained by the
GEMMA experiment on measurements of the cross section for the reactor antineutrino scattering
on free electrons, we get a new direct upper bound on the neutrino millicharge | qν |< 1.5×10
−12
e0.
This is a factor of 2 more stringent constraint than the previous bound obtained from the TEXONO
reactor experiment data that is included to the Review of Particle Properties 2012. We predict that
with data from the ongoing new phase of the GEMMA experiment the upper bound on the neutrino
millicharge will be reduced to | qν |< 3.7 × 10
−13
e0 within two years. We also predict that with
the next phase of the considered experiment the upper bound on the millicharge will be reduced
by an order of magnitude over the present bound and reach the level | qν |< 1.8 × 10
−13
e0 within
approximately four years.
INTRODUCTION
The discovery of the Higgs boson provides an convinc-
ing experimental confirmation of the solid status of the
Standard Model. Therefore, now one can consider the
neutrino to be the only particle that really exhibits prop-
erties beyond the Standard Model. In addition to the ex-
perimentally confirmed nonzero mass, flavour mixing and
oscillations the neutrino nontrivial electromagnetic prop-
erties, once confirmed, would provide a clear indication
for physics beyond the Standard Model.
Within the Standard Model neutrinos are massless and
have “zeroth” electromagnetic properties. However, it is
well known that in different extensions of the Standard
Model a massive neutrino has non trivial electromagnetic
properties (for a review of the neutrino electromagnetic
properties see [1, 2]). That is why it is often claimed that
neutrino electromagnetic properties open “a window to
new physics” [3].
The neutrino electromagnetic interactions, in addition
of being a powerful tool in exploring beyond the Standard
Model frontier, can generate important effects when neu-
trinos propagate for long distances in presence of mag-
netic fields and media. Therefore, there are two main ap-
proaches for studying the neutrino electromagnetic prop-
erties. The first approach is based on consideration possi-
ble electromagnetic contributions to neutrino processes in
extreme astrophysical environments. A detailed discus-
sion of the astrophysical option of constraining neutrino
electromagnetic properties can be found in [4].
The second approach assumes high precision measure-
ments of neutrino interaction cross section in the ter-
restrial laboratory experiments in which the electromag-
netic interaction contributions are hoped to be observed
in addition to the main contributions due to weak inter-
actions. A review on the relevant present results on the
upper bounds on the neutrino effective magnetic moment
can be found in [1, 2].
Note that there are several attempts in the literature
aimed to investigate new promising possibilities for pro-
viding more stringent constraints on the neutrino elec-
tromagnetic properties based on the existed experimen-
tal data on ν¯ − e scattering. For instance, an interesting
possibility for getting more stringent bound on the neu-
trino magnetic moment from ν¯−e scattering experiments
based on the “dynamical zeros” appear in the Standard
Model scattering cross section was discussed in [5]. An-
other possibility was discussed in [6] where it was claimed
that electron binding in atoms (the “atomic ionization”
effect in neutrino interactions on Ge target) can signif-
icantly increase the electromagnetic contribution to the
differential cross section with respect to the free electron
approximation. However, detailed considerations of the
atomic ionization effect in (anti)neutrino atomic electron
scattering experiments presented in [7–11] show that the
effect is by far too small to have measurable consequences
even in the case of the low energy threshold of 2.8 keV
reached in the GEMMA experiment [12].
In this letter we discuss the possibility to obtain con-
straints on the neutrino electromagnetic properties us-
ing the recent data as well as the expected results from
the GEMMA collaboration on measurements of the re-
actor antineutrino scattering off electrons. The goal of
the GEMMA experiment is to constrain from above (or
discover) the neutrino anomalous magnetic moment µaν .
Using the recently reported [12] by the GEMMA collabo-
ration bound on the neutrino magnetic moment we derive
a new direct bound on the neutrino millicharge absolute
value | qν |< 1.5×10−12e0, where e0 is the absolute value
of the electron charge. This is a factor of 2 more strin-
gent constraint than the previous bound [13] obtained
from the TEXONO reactor experiment data [14] and in-
cluded by the Particle Data Group Collaboration to the
Review of Particle Physics [15].
As a matter of fact, the scale on which the millicharge
is probed within the used scheme depends on the attained
2scale of the magnetic moment µaν and the electron recoil
energy threshold of the experiment. With the expected
future progress of the new ongoing phase of the GEMMA
experiment [16] we predict that in two years the neutrino
electric charge will be bound on the level of | qν |< 3.7×
10−13e0, and even on the level | qν |< 1.8× 10−13e0 with
the next phase of this experiment within approximately
four years from now.
Note that the possibility to constrain neutrino charge
from the results of experiments searching for neutrino
magnetic moment was considered in [17]. It has been
shown, using results of the Big European Bubble Cham-
ber beam dump experiment, that from a consideration
of the elastic scattering ντe
− → ντe− the tau-neutrino
electric charge may be bound by | qντ |< 4 × 10−4e0.
In that case, contrary to the case consider below in this
paper, the weak contributions to the cross section are
too small and can be ignored. A direct experimental
limit on the electric charge of the electron antineutrino
| qν |< 3.7× 10−12e0 has been obtained as a by product
result in [13] where constraints on millicharged hypothet-
ical particles from the TEXONO reactor experiment were
derived. This limit is presently included by the Parti-
cle Data Group Collaboration to the Review of Particle
Physics [15].
The discussed above constraints should be compared
with those obtained from direct accelerator searches,
charged leptons anomalous magnetic moments, stellar as-
trophysics and primordial nucleosynthesis (some of that
can be in general less stringent) [18, 19]:
qν ≤ 10−6 − 10−17e0. (1)
The most severe indirect constraints on the electric
charge of the neutrino
qν ≤ 10−21e0, (2)
are obtained assuming electric charge conservation in
neutron beta decay n → p + e− + νe, from the neutral-
ity of matter (from the measurements of the total charge
qp+ qe) [20] and from the neutrality of the neutron itself
[21]. A detailed discussion of different constraints on the
neutrino electric charge can be found in [4, 22].
ELECTRICALLY MILLICHARGED NEUTRINO
It is usually believed that the neutrino has a zero
electric charge. This can be attributed to gauge invari-
ance and anomaly cancelation constraints imposed in the
Standard Model. However, if the neutrino has a mass,
the statement that the neutrino electric charge is zero is
not so evident as it meets the eye. In theoretical models
with the absence of hypercharge quantization the elec-
tric charge also gets “dequantized” and as a result neu-
trinos may become electrically millicharged particles. A
detailed discussion of theoretical models predicted the
millicharged neutrinos as well as possible experimental
aspects of this problem can be found in many papers
[23]-[24]. See also [1] for a review on this topic.
BOUND ON NEUTRINO MILLICHARGE FROM
THE GEMMA EXPERIMENT
Consider a massive neutrino with non-zero electric mil-
licharge qν that induces an additional electromagnetic
interaction of the neutrino with other particles of the
Standard Model. Such a neutrino behaves as an elec-
trically charged particle with the direct neutrino-photon
interactions, additional to one produced by possible neu-
trino non-zero (anomalous) magnetic moment µν that is
usually attributed to a massive neutrino.
If there is no special mechanism of “screening” of these
new electromagnetic interactions then the neutrino will
get a normal magnetic moment predicted within the
Dirac theory of an electrically charged spin- 1
2
particle
µqν =
qν
2mν
(3)
that is proportional to the neutrino millicharge qν , here
mν is the neutrino mass. In general, this new contribu-
tion to the neutrino magnetic moment should be added to
the neutrino anomalous magnetic moment µaν that can be
generated by the vacuum polarization loop interactions
within different theoretical models beyond the Standard
Model. We recall here that in the initial formulation of
the Standard Model a neutrino is the massless particle
and its magnetic moment is zero. Within the easiest
generalization of the SU(2)L × U(1)Y Standard Model
for a massive neutrino the contribution to the anomalous
magnetic moment is produced by the ν − W − e loop
diagramme.
Thus, for a millicharged massive neutrino one can ex-
pect that the magnetic moment contains two terms,
µν = µ
q
ν + µ
a
ν , (4)
where in the case of the Dirac neutrino [25]
µaν = µ
D
ν =
e0GFmν
8
√
2pi2
≈ 3.2× 10−19
( mν
1 eV
)
µB (5)
is a tiny value for any reasonable scale of mν consistent
with the present neutrino mass limits (µB =
e0
2me
is the
Bohr magneton).
Here we recall that there is a hope of both theorists
and experimentalists that new interactions beyond the
Standard Model might reasonably increase the anoma-
lous part of the neutrino magnetic moment to the level
that could be checked by new terrestrial laboratory ex-
periments in the near future.
3Now we consider the direct constraints on the neutrino
millicharge obtained using data on the neutrino electro-
magnetic cross section in the GEMMA experiment. It
is important to note that although in the case of a mil-
licharged neutrino two terms, i.e. normal and anomalous
magnetic moments, sum up in the total expression (4) for
the magnetic moment, however these two contributions
should be treated separately when one considers the elec-
tromagnetic contribution to the scattering cross section.
The point is that the normal magnetic moment contri-
bution is accounted for automatically when one considers
the direct neutrino millicharge to the electron charge in-
teraction.
The prescription to obtain the bound on the neutrino
millicharge from the experimental data on the ν¯−e cross
section is as follows. One first compares the magnetic
moment cross section
(
dσ
dT
)
µa
ν
with the Standard Model
weak contribution to the cross section
(
dσ
dT
)
weak
. From
the fact that the experimental data on the cross section,
for the presently achieved electron recoil energy threshold
T , shows no deviation from the predictions of the Stan-
dard Model a limit on the neutrino magnetic moment is
obtained. Then one should compare the magnetic mo-
ment contribution to the cross section,
(
dσ
dT
)
µa
ν
, and the
contribution due to the neutrino millicharge,
(
dσ
dT
)
qν
, and
account that the later is also not visible at the present
experiment. In order not to contradict to the experimen-
tal data the cross section
(
dσ
dT
)
qν
should not accede the
cross section
(
dσ
dT
)
µa
ν
anyway. Thus, the obtained upper
limit on the neutrino millicharge depends on the achieved
upper limit on the neutrino (anomalous) magnetic mo-
ment and the electron recoil energy threshold of the ν¯−e
experiment.
Consider the latest results [12] of the GEMMA collab-
oration on the neutrino magnetic moment. Within the
presently reached electron recoil energy threshold of
T ∼ 2.8 keV (6)
the neutrino magnetic moment is bounded from above
by the value
µaν < 2.9× 10−11µB . (7)
. In order to get from these data the limit on the neu-
trino millicharge we compare the mentioned above two
cross sections,
(
dσ
dT
)
µa
ν
and
(
dσ
dT
)
qν
. The expression for
the neutrino magnetic moment cross section can be found
in [26], for our present needs only the term proportional
to 1
T
matters,
(
dσ
dT
)
µa
ν
≈ piα2 1
m2eT
(
µaν
µB
)2
, (8)
here α is the fine structure constant. For the correspond-
ing neutrino millicharge-to-charge cross section we obtain
(see also [27])
(
dσ
dT
)
qν
≈ 2piα 1
meT 2
q2ν . (9)
For the ratio R of the mentioned above cross sections (9)
and (8) we have
R =
(
dσ
dT
)
qν(
dσ
dT
)
µa
ν
=
2me
T
(
qν
e0
)2
(
µa
ν
µB
)2 . (10)
In case there are no observable deviations from the weak
contribution to the neutrino scattering cross section it
is possible to get the upper bound for the neutrino mil-
licharge demanding that possible effect due to qν does
not exceed one due to the neutrino (anomalous) mag-
netic moment. This implies that R < 1 and from (10) we
get
q2ν <
T
2me
(
µaν
µB
)2
e0. (11)
Thus, from the present GEMMA experiment data (6)
and (7) the upper limit on the neutrino millicharge is set
on the level
| qν |< 1.5× 10−12e0. (12)
It is interesting to estimate the range of the neutrino
millicharge that can be probed in a few years with the
GEMMA-II experiment that is now in preparation and
is expected to get data in 2015 . It is planed (for de-
tails see in [12, 16]) that the effective threshold will be
reduced to T = 1.5 keV and the sensitivity to the neu-
trino anomalous magnetic moment will be at the level
1 × 10−11µB. Then in case no indications for effects of
new physics were observed from (11) we predict that the
upper limit on the neutrino millicharge will be
| qν |< 3.7× 10−13e0. (13)
Now it is also discussed the perspectives of the
GEMMA-III experiment aimed to reach the threshold
T = 350 eV and the sensitivity to µν at the level
9×10−12µB approximately to the year 2018 [28]. Then if
again there were no deviations from the Standard Model
cross section observed the upper limit to the neutrino
millicharge will be
| qν |< 1.8× 10−13e0. (14)
The obtained new bounds on the neutrino millicharge
are more stringent than many other bounds previously
discussed in literature [18, 19].
4CONCLUSIONS
We consider possibility, provided in various extensions
of the Standard Model, that a neutrino is an electrically
millicharged particle. The corresponding non-standard
electromagnetic interactions of such a neutrino gener-
ates the additional contribution to the neutrino electro-
magnetic scattering off electrons that depends on the
milicharge. A new upper limit the neutrino magnetic
moment recently obtained by the GEMMA experiment
on measurements of the reactor antineutrino scatter-
ing off electrons allows us to get the new direct up-
per bound on the neutrino electric millicharge | qν |∼
1.5× 10−12e0. With the expected in 2015 new edition of
the GEMMA data (GEMMA II) the neutrino millicharge
will be probed on the level of | qν |< 3.7×10−13e0. Then
in a few more years later with the expected release of the
GEMMA III data the neutrino millicharge will be probed
on the level of | qν |< 1.8×10−13e0. The obtained bounds
are determined by (11) and are in general independent
on the neutrino mass and are improved with the progress
of the neutrino-electron scattering experiments that can
be reached with decreasing of the attained electron recoil
energy threshold.
The obtained bound (12) on the neutrino millicharge
from the recent experimental data of the GEMMA col-
laboration is a factor of 2 more stringent than the reac-
tor neutrino scattering constraint included by the Parti-
cle Data Group Collaboration to the Review of Particle
Physics [15] and that was obtained by [13] from the TEX-
ONO reactor experiment data [14]. Accordingly, a new
bound on the millicharge that will be obtained within a
few years with next release of the GEMMA experiment
data will be a factor of 10 more stringent than one from
the present GEMMA data.
Note that the prediction to obtain in a few years an
order of magnitude improvement (see (14)) in constrain-
ing the neutrino millicharge over the present limit (12)
will be no doubt attained if the GEMMA collaboration
will reach the declared sensitivity in probing the neu-
trino magnetic moment in due time. The bound on the
neutrino millicharge (14) will be reached irrespectively of
whether any deviation from the Standard Model in the
cross section ν¯ − e were observed or not.
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